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ABSTRACI 


A technique was devised using infrared detection 


t 


2 
СЕ localized I R heating cf conducting materials to 


determine the surface charge and current distributicns 
en various objects. The measurement process is 
explained and ccmparisons between experimentally 
determined and actual charge and current distributicns 


are presented. 
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I. INTRODUCTION 


Knowledge of the charge and current distributicns is 
essential in many applications of antenna design and 
placement, electromagnetic scattering, and electromagnetic 
compatability. Although it is possible tc measure these 
guantities directly cn a given object using electrically 
small prcbes [Whiteside 1962], it is an extremely 6۶ 
tedious, and expensive process. To avoid this, computer 
analysis of structures has  beccme increasingly impertant 
[Butler 1972, Chao and Strait 1971]. These models require 
assumpticns concerning gecmetry, wire size, boundary 
conditions, and the like. In all such investigations, model 
verification has become important [ Burton and King 1975, 
BUE TO Dis King and Blejer 1976]. Clearly, а tecknique 
yielding real-time measurement of charge and current 


Bagnitude distributions has okvicus advantaces. 


La Varre and Burtcn have shown [1975] that surface 
currents on radiating and scattering structures can, under 
certain conditions, generate sufficient heat tc Бе 
detectable ky infrared measurerents with equipment such as 
an AGA Tbermcvision 680 system. 


À. ТРАСТСЫ5 AFFECTING INFRARED DETECTION 


2 
The detectability of I R heating by surface currents is 


a function of the threshold temperature gradient cf the 
measuring equipment, the conductivity and zmissivity cf the 
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surface under investigation, and the microwave power levels 


present. 


À temperature gradient of 0.29C can be detected Бу the 
Thermovision system. If a scattering or radiating structure 
has sufficient currents to cause a 2 temperature 
difference, ten isotherms may be selected in various colors 


and dispiayed to indicate the temperature distributicns. 


The surface under consideration must Ге sufficiently 
conductive to allcw representative charge and current 


- distributions to form. However, the surface must nct be so 


su 


< 
conductive that either no significant I R heatinc is 


produced, or any generated heat is quickly dissipated ty the 
thermal conductivity of the material. Bigh electrical 
conductivity in a material implies high thermal conductivity 


in that Katerial. 


The spectral emissivity (the ratio of the emittance of a 
body in a specified portion cf the spectrum tc that cf an 
ideal radiatcr) must also be sufficientiy high to allow good 
Thermovision detection of the surface. The more nearly 
"rlack' tbe surface in the three to five micrcneter 
wavelength range, the Letter the detectability of a specific 
temperature difference on that surface. 


Sufficient microwave power levels must Le used tc cause 
charge and current distributions to fcrm, but practical and 
safety considerations dictate that minimum usable levels be 
employed. Ihe experimental procedures in this work require 
an incident power at the surface of scattering objects of 


approximately three nilliwatts rer square centimeter. 





۳ ІНЕ5ІЗ ОВЧЕСТІШЕ 


This work was done to indicate the feasibility cf the 
infrared detection process, to reduce the prccess to ccmmon 
lapcratory cr applications  prccedures, tc compare the 
results cbtained with results from other technigues to 
exhibit the accuracy of the infrared detection procedure, 
and to use infrared detection tc cbtain current 
distributions on objects that have not been otherwise 
determined. The direction of future research was also 
indicated. | 
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II. EXPERIMENTAL APPARATUS 


ES A ee Ep — a— жы» «уры» чар чар 


A. AGA TEERMOVISION SYSTEM 680 


The АСА Thermovision System 680 is ап infrared camera 
and display system that uses a single indium antisonide 
(InSb)  photcvoltaic detector, cooled to 770K with liquid 
nitrogen, to detect emissions from objects in its field of 


view in the 2 to 5.6 micron wavelengths. 


1. Camera 


The camera (Figure 1) in this system has an 8%x80 
fieid-of-view gernanium lens, with a range cf focus frcm 1.7 
meters tc infinity. Scanning is accomplished with two 
rotating eight-faced prisms that move the instantanecus 
field cof view through the desired regicn. The cooled 
detector allows a minimum detectable temperature difference 
of better than 0.2°C at a 30°C object temperature. 
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AGA THERMOVISION CAMERA 


1 


Figure 





2. Black and Hhite Monitor 








The klack and white mcnitor (Figure 2) is the 
initial display of the camera's output. The display has 100 
lines with a line frequency of 1600 lines per second, 
yielding 16 frames per second. The controls for focus, tias 
control сЕ the detector (temperature window locaticn), 
sensitiyity (temperature window size), plus varicus other 
settings for the display are located on this monitor. The 
black and white monitor has the capability fcr two isotherms 
to be selected anywhere in the displayed temperature window 
that give highlighted output at the ccrresgending locations 
in the display. 


The colcr scnitcr (Figure 3) gives a display twice 
the size of the ncrual black and white output and permits 
the application cf color to allow tne temperature windcw to 
be divided into ten easily distinguishable regions. At the 
minimum settings, this quantizing allows the system to 
display the minimum detectable difference of 0.29?C in an 
easily urderstocd format. 
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AGA THERMOVISION COLOR MONITOR 


Figure 3 - 








4. Erofile Adapter and Display 


The profile adapter and its associated black and 
white display unit (Figure 4) give quantizing capability to 
the picttre displays. Two modes exist in this display, one 
for surface temperature cress section of any selected scan 
line, and the other a diminished scale versicn that presents 
the surface temperature cross section of all 100 lines of 
the display. This relief map is a three-dimensional display 
c£ the emissions of the objects being viewed by the camera. 


СЕ. THERMCVISION PICTURE INTERPRETATION 


Figure 5 is an example cf a picture from the color 
mcnitor. The horizontal band at the bottcm shows the ten 
isotherms in the selected temperature windcw, increasirg in 
temperature from Herts tc right; Thus, the relative 
temperature distributicn of a homogeneous cbject can be 
determined Ey matching the colors in the display to the 
corresponding portion of the reference band. The colcr of 
any portion cof the band may be chosen by the operator, and 
changed when desired. Normally the colors are arranged tc 
provide maximum contrast between adjacent isotherms. For 
printing, the colors in the photographs are converted to 
half-tone klack and white. This process diminishes the 


contrast between adjacent isotherms. 
Unless ctherwise indicated, all Theracvision pictures 


use a temperature windcw of 29°C, which makes each  isctherm 
ae Cerin width. 
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Figure 5 - THERMOVISION PICTURE EXAMPLE 
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С.  LABCRATOBY ABRBANGEMENT 


Figure 6 shows the arrangement of the lakcratory set up 
for the study of scattering objects. The object under study 
was placed on a 4x12 feet (3.8x11.5 wavelengths at 937.5 
MHz) aluminum ground plane at a sufficient distance to 
insure an incident plane wave. The monopole was driven at 
its base and placed in front of a 60% corner reflectcr. The 
infrared camera was moved as desired arcund the ground plane 
to cbtain the proper view of the object. Тс insure complete 
and unifcrm connections, all points of contact with the 
ground plane were taped with copper conducting tape. 


To study radiating objects, the object, usually an 
antenna, was placed in the driven lccaticn and the corner 
reflector removed. 


D. EFOWEB GEBERATING SISTEM 


Figure 7 is а schematic representation cf the 
arrangement tc provide the incident power to the criven 
element. The power generator (a Sierra Electronics acdel 
4704, 80 watts maximum output) was connected to an isclater 
and then tc a dual directicnal coupler. A dual stub tuner 
was then attached to cancel the reflected signal from the 
driven element. A pewer meter was connected at the return 
pert of the dual directional coupler to allcw deterziration 


cf the cccurrence of the minimua returned signal. 
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Figure 7 ~ POWER GENERATING SCHEMATIC 
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А. TECHNICUE 


Io deterzine the charge distributions on an antenna, а 
sheet of resistive paper (2000 ohms per square, Sunshine 
Scientific Instrument Company, Philadelphia), was placed 
behind the antenna. A dielectric material was used as a 
tacking for the paper to provide the required stiffness. 
The electric field lines, originating at the charge 
lccations on the antenna, cause currents tc flow or the 
resistive peper. Near large charge concentrations, where 
more lines of force converge, the resultant current 
Magnitudes cn the paper are higher, reducing greater 
localized heating. When detected, this heating yields the 
: relative charge distributions on the antenna. For radiating 
antennas, the current distributions may then be determined 
from the continuity equation. Figure 8 is an example cf tie 
setup for the charge determiraticn on a scattering crossed 
8306016" 


All measurements of charge distribution shown were sade 
at a frequency o£ 937.5 megahertz (32 centimeter 


wavelength). 


Only a few examples of this technique are inciudec here 
to illustrate the procedure. Extensive examples and 
ccmparisons with known solutions are shcwn by Nancs and 
Ба сове ( 2977 ]. 
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Figure 8 - CHARGE DISTRIBUTION DETERMINATION SET UP 
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Е. THREE-QUARTER WAVELENGTH MONCPOLE ON GRCUND PLANE 


The charge distribution cn a radiating thin 
three-quarter wavelength (24 centimeters) mcnopole and the 
Thermovision charge picture is shown in Figure 9. The 
charge magnitude maximum locations are easily identified as 
the warmest points on the display. The charge minimun 
retween the waximums is clearly seen as the ccolest spct сп 
the antenna. Note the driving pcint disturtance at the tase 
СЕ the 81600 .۰ء ع‎ 


2. Scattering 


==> 


The charge distribution [or the scattering 
three-quarter wavelength monopole is shown in Figure 100 ats 
expected, the distribution looks like the radiating case 


without the ¿driving point disturbance. 
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С. CROSSED LIPOLES CN GROUND PLANE 


The charge distributions on two of the thin crossed 
antennas discussed by Burton and King [1975] are shcwn in 
Figures 11 and 12. The effects of the various resonant 
lengths seen by the source in these two radiating antennas 
is clear. 


1. Herizontal Cross at Cne-Half Wavelength 


Figure 11 shcws the three-quarter wavelength 
monopole with one-quarter wavelength (8 centimeters) arms 
attached at cne-half wavelength from the grcund plane. The 
resonant length seen by the source is three-quarters cf a 
wavelength, resulting in a charge distributicn similar to 
the ponorcle, except there are now three locations (each 
tip) of the final charge maximuus. 


2. Horizontal Cross at Cne-Quarter Wavelength 
When the horizontal cross is ісуей dcwn to 


one-quarter wavelength from the ground plane, the charge 
distribution is as shown in Figure 12. The resonant length 
seen by the source is now one-half wavelength, which causes 
the significant redistributicn cf charge ccncentrations from 


the uncrcssed monopole. 
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IV. CURRENT DISTRIBUTION DETERMINATION 
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The technique for charge distribution determinaticn is 
simple and convenient. However, two factors tend to linit 
its applicability to a general situaticn. Because the sheet 
of resistive paper must be situated adjacent to the cbject 
and respcnd to charge distributions despite the orientation 
with the source, direct charge distribution determinaticn is 
presently limited to "thin" cbjects. Often, particularly in 
complex structures, cbjects cf interest are not "thin." 
Additionally, primary interest cften is directly ir the 
current distributions on conductors. ‘Thus, the thrust of 
this work sas the direct determinaticn of current 
distributions. 


А. TECHNIQUE 


Initially, a’ sheet of resistive paper was used to- 
construct a model of the object. This model was then placed ) 
on the grcund plane and irradiated. It was soon disccvered 
that, because the skin depth of the resistive paper at 937.5 | 
MHz is on the order of the paper thickness (approximately 
0.8 millimeters), non-conducting objects used for support 
behind the model had a significant effect cn the temperature 
distribution of the irradiated surface. 


When five thicknesses of resistive paper were usec for 


mcdel ccnstruction, supporting Structures no longer had an 
effect on the surface temperature distributicns. 
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With an incident field strength of three milliwatts per 
Square centimeter at the surface of a model, an okvious 
current magnitude representation is apparent within five to 
ten seconds. The surface then heats uniformly for 
approximately four minutes until steady state 
heating/cooling occurs. 


Figure 13 shows the model used for a one-half wavelength 
(16 centimeters) square. Note the polystyrene foam used for 
support and the copper tape at the intersection with the 
ground plane. 


All measurements of current distributions shown were 
made at a frequency of 937.5 megahertz (32 centimeter 
wavelength). 


Burtcn and King, in werk currently іп progress at 
Harvard University, have measured the surface currert and 
charge distributions on a flat surface with ncrmal and 45° 
incident plane waves. Partial results оғ their 
investigation are shcwn in Appendix A, and provide a 
reference fcr the Thermovisicn pictures of the flat surfaces 


investigated herein. 
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Figure 








Е. ONE-BALE SAVELENGTH SQUARE ON GROUND PLANE 


To illustrate the relaticnship between the Thermovision 
picture and the measured current distributions on a flat 
plate, several Situaticns were viewed and displayed. Figure 
14 shows the various incident angles of the plane 


electromagaetic wave on the one-half wavelength square. 


TO allow comparison between views, all Thermovision 
pictures were made with the camera normal tc the surface of 
the model. Figure 16 has a marker superimposed cn the 
Thermovision picture of the square with the normally 
incident signal to indicate the location cf the temperature 
cross sectics in Figure 17. All temperature cross sections 
in this section were at the same relative lccations as those 


shown in Figure 16. 
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When a flat surface is irradiated by a normally 
incident plane wave, the current distributicrs formed are a 
function of the rescnant lengths seen by that signal. In 
general, the currents at the center of such a flat surface 
are less than the currents at the edges because cf the 
mutual repulsion of the electrons. The magnitudes of the 
surface currents along the edges is a function of location 
along the rescnant length seen by the incident signal. 
Intermediate areas between the center and the edges shcw the 
transiticn currents. Since, in rectangular objects, 
symmetry exists about the vertical center line cf the 


surface, the currents seen on the two sides are identical. 


The Ihermovisicn picture shows these points clearlj. 
Along each vertical edge, there is a "monogcle-type" current 
distribution with the positicn dependent current magnitudes 
apparent. The current minimum along tne vertical center 
line of the surface ¿is also visible. Note that the current 
magnitudes in the lower center of the surface do not create 
enough lccalized heating to cause any detectabie rise in 


temperature. 
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Figure 16 - ONE-HALF WAVELENGTH SQUARE CURRENT 
DISTRIBUTION, NORMAL INCIDENCE, WITH MABKER 
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2. Twenty-Degree Incidence 


_ As the incident signal moves frcz the normal, the 
response cf the leading edge is enhanced, and the trailing 
edge response is diminished. This reacticn is apparent in 
Figures 18 and 19, which are the 209 incident views 
corresponding to the previous norzally incident 
presentations. The relative magnitudes cf the surface 
currents at the vertical edges can ke seen in the 
temperature cross section in Figure 19. The current minimum 
towards the vertical center line of the surface remains, and 


the current increase at the trailing edge is still  cbvious. 
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3. TIhirty-Degree Incidence 


The corresponding views for 309? incidence are shcwn 
in Figures 20 and 21. When the incident signal reaches 30° 
from the norszai, the temperature difference between the 
current Minimum location and the trailing edge in a 
hcrizontal cross section is barely detectable. The 
magnitude change from leading to trailing edge is now 
Significantly greater than the 20° incidence case. However, 
the current magnitudes on the trailing edge are still 
sufficient to cause the apparent "monopole-type" current 
distribution. 
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ive Degree Incidence 


eee 


When the incident plane wave is 45° from the normal 
(Figures 22 and 23), the leading edge respense is still 
greater thar the previous cases, and the current cn the 
trailing edge is barely larger than the more interior 
locations. Note that the iccaticns of the current minima in 
this sequence have moved farther toward the trailing edge 
with an increase in incidence angle, and there is no longer 
the visible "monopole-type" current distribution at the 
trailing edge. 
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5. Ninety-Degree Incidence 





When the incident signal is 909 from the normal 
(Figures 24 and 25), only the leading edge іс being 
"driven," and the remainder of the surface is shadowed fron 
the incident signal. Thus, the current magnitude is 
monotonically decreasing across the surface. The relative 
current magnitudes along the leading edge cf the surface for 
this entire sequence remain constant, with the peak values 
of current cccucing approximately three-quarters of the 
distance frca the ground plane. 
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С. IHBREE-QUARTER BY ONE-HALEF WAVELENGTH FLAT PLATE ON 
GROUND PLANE 


When the height of the vertical edge of the flat plate 
was increased to three-quarters cf a wavelengtk (24 
centimeters), the rescnant length seen by the incident 
signal changed proportionally. This change caused a 
variation in the distribution along the edges of the 
surface, but the same qeneral current arrangement cccurs 
across the surface. All Thermovision pictures were again 
taken ncrmal to the surface of the plate. For brevity, the 
temperature cross section and relief views cf each situation 
were not included. No unexpected results were obtained in 
either of these views. 


1. Normal Incidence 
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The ncrmally incident plane чате again yields a 
current distribution that is symmetrical with respect to the 
vertical center line of the surface (Figure 26). The change 
in resonant length seen by the incident signal is aprarent 
in the Theracvision picture with a local maximum occuring 
toward the top and the bottom of each vertical edge. The 
sinimum current locaticns were again at the center of the 
plate, with the 'monopole-type'" current distribution at the 


edges. 
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THREE-QUARTER BY ONE-HALF WAVELENGTH FLAT PLATE 
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Figure 26 - 





2. 1Ієп-Гєдгее Іпсійепсе 


The 109 view was added for the three-quarter by 
cne-half wavelength plate to exhibit mcre clearly the 
transiticn of the surface current distributions as the 
incident signal moves off the normal (Figure 27). AS 
expected, a small increase in the leading edge response and 
a decrease in the trailing edge response occurred. Plainly, 
the horizontal minimum remains very near the vertical center 
line of the surface. 
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Figure 28 is a continuation of the transition сі the 
current distribution. А visible current minimum remains 
slightly on the trailing side of the vertical center line of 
the surface, and the enhanced leading edge response 15 
cbvious. The minimum value of surface current cn the 
trailing edge has become so low that the lccalized heating 
causes very little temperature rise from the minimum in the 
horizontal cress secticn at that heigth. 
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4.  Thirty-Degree Incidence 


Several noticeable changes are evident when the 
incidence angle reaches 309 (Figure 29). Although two local 
maxima remain on the leading edge, the current levels cn the 
trailing edge are so small that there exists only one 
obvious maximum on the trailing edge. Additionally, the 
minimum current magnitude in a horizontal cress section has 
moved tc approximately two-thirds of the width frcm tke 
leading edge of the surface. 
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5, Forty-Five Degree Incidence 








Figure 0د‎ indicates the current distribution cn the 
surface with an incident signal 459 from the normal. When 
the signal is this far from the normal, the "*nonopole-type" 
current formation on the trailing edge is absent and the 
horizontal current minimum is nearly at that edge. The 
distinctive current formations on the leading edge remain 
evident. 
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6. Ninety-Degree Incidence 


At 90° incidence (Figure 31), the leading edce is 
again the cnly "driven" portion of the surface. Thus, the 
current magnitudes decrease horizontally acrcss the surface 
until they are insufficient to cause detectable heating of 
the surface. The insufficient heating causes the inakility 
of the Thermcvision picture to clearly define the trailing 
edge of the surface. The "mcnopole" current distributicn on 


the leading edge remains as in the previous presentaticns. 
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THREE-QUARTER BY ONE-HALF WAVELENGTH FLAT PLATE 
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D. ONE EY ONE-HALF WAVELENGTH FLAT PLATE ON GROUND ELANE 


An increase to one wavelength in the height of the flat 
surface again causes an increase in the rescnant length seen 
by the incident signal. A significant redistribution cf the 
current magnitudes on the surface results. 


For compariscn, Thermovision pictures of the same 
incident angles as previously studied were taken, yielding 
the same type of transitions (Figures 32 through 37). All 


pictures were again taken normal to the surface under study. 


ща ormal Incidenc 
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With normal incidence (Figure 32), the symmetrical 
current distributions are again apparent. With the increase 
in the height of the surface, the two local maxima at each 
vertical edge have changed locations along the edge. This 
caused the appearance of a distinct oval current minimus іп 
the center of the surface. The minimum fcr any norizcntal 
cross section of the plate remains in the center, anc the 


maximum at the edges. 
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2.  Ten-Degree Incidence 


Е = MEL bmg Sr сен ga з 


With a 10° incident plane wave (Figure 33), the 
expected shift toward the leading edge occurred. Agair, the 
two distinct localized maxima remain apparent at the 
trailing edge of the surface, and the enhancement cf the 
leading edge currents is visible. A change in the tías 
setting of the Thermovision camera makes the oval shaped 
minimum toward the center mcre cbvious than in the previous 

picture. 
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3. Iwenty-Degree Incidence 


E ہے‎ 


In this surface, the currents at a 209 incidence 
remain consistent with the previous examples (Figure 34). 
The two lccal maximum current lccations are still evident, 
but are significantly diminished. The oval shaped current 
minimum also remains in the interior of the plate, but it 
alsco has shifted noticeably toward the trailing edge, 
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4. Thirty-Degree Incidence 
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For the 309 incident signal, the changes in surface 
currents are as expected  frcm the previcus cases (Figure 
35). The lessened response cf the trailing edge and the 
shifted current minimum in a horizontal cross section 
remains. The localized heating on the trailing edge is now 
barely sufficient to cause the "n cnopole-type" current 
distribution profile. 
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Figure 








For the 45% incident signal (Figure 36), the greatly 
diminished response cf the trailing edge dces not cause ап 
cbvious  "mcnopole-type" response, and the significant shift 
of the current minimum in a horizontal cross section toward 
the trailing edge again occurs. The similarity amcng the 
450 incident cases for all these surfaces is apparent. 
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When the surface normal is 90° from the incident 
plane wave (Figure 37), the reaction again shows the result 
of only the leading edge being "driven." The horizontal 
cross section again exhibits a monotonically decreasing 
surface current, and insufficient currents exist tc create 
enough lccalized heating to aliow detection СЕ the trailing 
edge of the surface. 
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E. CURVE TEREE-QUARTER BY ONE-HALF WAVELENCIH SURFACES 
ON GECUNL PLANE 


To show the transition from a flat surface tc а 
cylinder, twc sequences of Therncvision pictures were made 
СЕ surfaces three-quarters of a wavelength high and cne-half 
wavelength wide with varying amounts of curvature. The 
radii of curvature used were infinity (flat surface), 10.25; 
centimeters, 7.5 centimeters, and 5.1 centimeters. The 5.1 
centimeter radius of curvature corresponds %с a cylinder one; 
wavelength (32 centimeters) in circumference that will be. 


studied extensively in the next section. ۳ 


1. Normal Incidence 


This sequence of curved surfaces with the incident 7 
signal normal to the center of the surface (Figures 38 
through 41), аге included to indicate the behavior cf the’ 
surface currents as the edges become more distant from the 
ف0‎ ۰ Because symmetry does not exist on the tubular 
cylinder with respect to this view, the current’! 
distributions shown in this sequence will nct exist cn the’ 
cylinder. Hcwever, this sequence does provide insight into; 


the effect cf surface curvature. / 


| It is evident from the Thermovision ¡pictures that, 
as the curvature becomes greater, the surface currents іп 
the center (nearest to the source) become relatively larger. 
The increase occurs because the effective differential area 
seen by the source decreases away from the vertical center 
line and to a lesser degree, because cf the spatial 


attenuation cf the incident signal. Оп the surface with the 
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smallest radius of curvature (Figure 41), the current 
magnitudes cn a horizontal cross section are nearly: 
constant. Ihe resonant responses of the current magnitudes- 
remain apparent throughout the sequence, with the - 
"gonopole-tyre" response on the edges visible on all but the’ 
smallest radius of curvature surface (the half cylinder)., 
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Figure 40 - 


7.5 cm 


r= 


NORMAL INCIDENCE, 








2 
< ата я 2 کم‎ 
ИЯ a 2 

^ „а 
ر‎ P? ‘a 


2222222 22220, 
AR NA 272272222202 e 
0 255720 5” 


z 
РРА а Mal АА. 
ESTEROS TIO 


2552 
ZA 


ИЯ 





Ар Р 2222 NONE‏ مر 


SURFACE, 


5.1 cm 


E 


THREE-QUARTERS BY ONE-HALF WAVELENGTH 
NORMAL INCIDENCE, 
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г. Ninety-Degree Incidence 





Figures 42 through 45 are the Thermcvision pictures 
of the curved surfaces when the incident plane wave is 909 
from the normal to the center of the surface. . Because of 
the symmetry of the tubular cylinder with a circumfererce of 
one wavelength, the currents in Figure 45 shculd also te a 
representaticn of the currents on that cylinder. 


The sequence clearly shows the more distinct 
formation of the currents оп the illuminated porticn, as 
всге of the plane wave was incident on the surface with 
decreasing radius of curvature. Each of the views exhibits 
the expected resonant response of current magnitudes along 
the illuminated edge of the surface. The shadowed pcrticn 
of the surface (the trailing half) іп each case was 
obviously being “driven” by the currents on the illuminated 


portion. 
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THREE-QUARTERS BY ONE-HALF WAVELENGTH SURFACE, 
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THREE-QUARTERS BY ONE-HALF WAVELENGTH SURFACE, 
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Е. THICK CYLINDER ON GROUND PLANE 


This section shows the application of the Thermovision 
Surface current determination to a tubular cylinder with 
ka=1 (circumference cf one wavelength) and a height of 
three-quarters wavelength (24 centimeters), where k is the 
wavenumber and a is the cylinder radius. Figure 46 shows 
the resistive paper model of that cylinder. 


The model is a five layer resistive paper surface over a 
polystyrene foam cylinder for rigidity. Again, copper tape 
was used to insure a uniform connection with the ground 
plane. Figure 47 exhibits the relative lccations cf the 
Thermovisicn camera and the ircident plane wave. Because 
Symmetry exists on the cylinder about a plane perpendicular 
to the ground plane through the 09-1809 line, the side view 
was chosen for display. This view then exhibits the 
relative magnitudes of all currents cn the cylinder. 


Burtcn, King, and Blejer (1976) have shcwn the Beasured 
resultant values of surface currents on a cylinder of these 
dimensions when irradiated by a plane wave, апа сспрагедй 
them to the theoretically derived values. These results are 
shown in Figure 43 with the Thermovision picture of the same 
situation. The current magnitudes аге indicated cn an 
increasing scale fron 0 to 9 in ten equal ranges to 
facilitate comparison with the ten isctherms in the 
Thermovision picture. Since the Thermcvision technique 
detects steady-state heating of the surface, the relative 
phases of the currents are not obtained. Thus, the relative 
phases cf the measured results are not indicated in Figure 
48. It should be emphasized that the computation of the 
surface currents on the cylinder is a sophisticated, time 
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consuming prccedure involving coupled axial and transverse 


current compenents. 
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Figure 46 - TUBULAR CYLINDER WITH ka-1 AND HEIGHT OF 
THREE-QUARTER WAVELENGTH 
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THICK CYLINDER CURRENT DISTRIBUTION 


Figure 48 - 





The temperature window in Figure 48 has been increased 
to 10°C (each isctherm is 10C) because of the larger 
tenperature range that exists on the cylinder. Figures 49 
through 52 are a sequence of Thermovision pictures of the 
sane cylinder with the temperature -windcw reduced to 2°C for 
the increased sensitivity (each isotherm 15 0.29с). Each 
succeeding picture has the bias level changed to lower the 
temperature window detected. This process causes the 
increasing size of the white (highest temperature) isotherm, 
but also allcws detection of the smaller currents on the 
Shadowed portion of the cylinder.  Conpariscn of succeeding 
pictures allcws all relative values of current magnitudes to 
te determined. The temperature window locaticn in Figure 52 
is sufficiently low to cause detecticn cf the microwave 
absorbent material in the background, but the cylinder 
current values detected are not affected. 
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Figure 49 - 


SETTINGS 1 AND 2 
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Figure 50 - 


SETTINGS 3 AND U 
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Figure 51 - 


SETTINGS 5 AND 6 
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SETTINGS 7 AND 8 





V. CONCLUSIONS 


The infrared imaging technique has teen shown te te a 
valuable tool in the determinaticn of surface charge and 
current distributions, particularly on complex objects when 
analytical current determinations are, at best, difficult 
and time consuming. 


Тһе Therrcvisica technique is particularly impcrtant 
because, with an accurate resistive paper model, suttle 
differences in current distributions, caused by minor 
changes in connections and dimensions, сап be observed 


quickly and accurately. 


` There are some aspects of the Therzovision current 
detection technique that require care in interpretation. 
Since this technique uses five layers of resistive parer in 
the object acdels, it is possible to have uneven spots or 
air gaps between the layers. These uneven spots can cause 
errcneous results because they can alter the thermal 
conductivity Of а portion of the surface. Thus, extreme 


саге must be taken in model construction. 


The Thermovision technique must also be used with care 
at the intersection with the ground plane. Since the 
surface cf the copper tape is a polished metal, with the 
corresponding low emissivity in the three tc five micron 
wavelength range, the sensitivity of the infrared detection 
tc a given temperature difference is significantly less. 
Thus, the regicn covered by the copper tape should not be 
compared with the remainder cf the surface. 
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It Day also be noted that the  Thermovision and 
theoretical results on the tubular cylinder do not match 
exactly at the top edge of the cylinder. This discrepancy 
is probarly caused by the ехрозес edges of the resistive 
paper, which cause a slight surface nonuniformity. This 
aberration, in turn, Slightly changes the thermal 
conductivity cf that edge. 


The problems encountered in the application of the 
Thermovisicn current detection technique do not 
significantly affect the general applicakility cf the 
procedure. The simplicity of the technique and the near 
real-time results, make the Thermovision technique an 
attractive  experizental procedure. Infrared detection of 
surface current distributions will yield reliable results on 
objects that might otherwise remain unanalyzed. 
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Since infrared detection of surface charge and current 
distributions has been shown to be possible and practical, a 
next logical step is a procedure to allow the application o£ 
this technique directly on large metal objects such as ships 
and aircraft. А surface preparaticn tc increase the 
emissivity cf objects, without significantly altering its 
electrical properties, would seem to be the correct aprrcach 
to examine. A proper surface preparaticn would allow 
determinaticn of surface currents on materials that dc not 
approach ideal conductors, such as the composite materials 
currently under study. Such a surface preparation wculd 
also solve the prcblems mentioned in the previous section. 


Many objects of interest remain that may be analyzed 
using carefully constructed resistive paper models. It 
therefore is important to continue to study these okjects 
using the technigues discussed herein. 
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APPENDIX A 


CURRENT DISTRIBUTIONS ON FLAT SURFACES 


The results shcwn in Figures 53 through 56 indicate the 
measured surface currents on a flat surface three-quarters 
of a wavelength high and approximately 0.42 xaveiength wide 
over а conducting ground plane. These resuits are fron 
current research by Burton and King and indicate the 
longitudinal and transverse currents on the flat surface 
with a normally incident plane wave and the same quantities 
with an incident signal 45% from the normal to the surface, 


To alicw comparison with the surface currents indicated 
by the Thermovision pictures in Section IV, the magnitudes 
vere indicated on an increasing scale of arbitrary units 
from 0 to 9 in .ten equal ranges of current magnitudes. 
Eecause the relative scales of the transverse and 
longitudinal currents are being determined, resultant 
current values are not yet available. Bowever, strong 
similarities may be seen between tne longitudinal current 
values and the Thermovision pictures. 
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Figure 53 - MEASURED LONGITUDINAL CURRENTS ON A FLAT 
SURFACE, NORMAL INCIDENCE 
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Figure 54 - MEASURED TRANSVERSE CURRENTS ON A FIAT 
SURFACE, NORMAL INCIDENCE 
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Figure 55 - MEASURED LONGITUDINAL CURRENTS ON A FLAT 
SURFACE, 45° INCIDENCE 
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Figure 56 - MEASURED TRANSVERSE CURRENTS ON A FIAT 
SURFACE, 45° INCIDENCE 
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